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Description 

BACKGROUND OF THE INVENTION 

This invention in general relates to dielectric 
waveguides, and in particular to optical fibers for 
use in communications. 

The use of optical fiber as a medium for trans- 
mitting high volumes of information over large dis- 
tances is now a well-established practice known 
throughout the communications industry. In fact, 
the performance of optical fibers has improved so 
steadily since the possibility of their use for com- 
munications purposes became evident in 1966 that 
some believe that they could displace conventional 
copper wire based systems as early as the turn of 
the century. This rapid progress has been due 
largely to developments in materials identification 
and in methods for fabricating fiber. 

Optical fibers are thin filaments of glass having 
a central region of high index of refraction sur- 
rounded by a sheath or cladding region of lower 
index, a structure which causes optical radiation 
properly injected into the fiber end to propagate 
along the length of the fiber and emerge from the 
distant end. 

The performance of optical fibers for commu- 
nications is chiefly determined by optical loss or 
attenuation and by dispersion. Losses are caused 
by absorption, scattering, and imperfect geometry 
or structural defects in the fiber and dispersion, 
which causes a smearing of light pulses leading to 
noise, Is of two types. One type of dispersion is a 
change in refractive index with wavelength due to 
the material itself, and the other is referred to as 
modal dispersion which is due to differences in the 
optical path lengths for different transmission 
modes. 

For optical fibers to be competitive with copper 
wire based systems, they must, for transmission of 
high data rates over long distances have low trans- 
mission losses and produce low signal distortion. In 
order to obtain such high quality optical fibers, 
extremely pure glasses are required since even 
traces of certain impurities such as Fe or Cu in- 
crease the attenuation drastically. And, in order to 
have wide band transmission, it is necessary to 
carefully control the refractive index profile and the 
material dispersion in the fiber since it determines 
in large part the distortion of the signals transmitted 
along the fiber. 

To meet these requirements, those skilled in 
the art have developed various techniques by 
which optical fibers can be successfully fabricated. 
These techniques are. by and large, based upon 
the formation of silica based glass from appropriate 
glass precursor vapors. Techniques used have 
been the soot process (U.S. -A- 3,711.262 and 



Reissue 28.029); the modified chemical vapor de- 
position process (U.S. -A.4.21 7.027); and the vapor 
axial deposition process (U.S. -A- 3,956,446; 
4.135,901 and 4.224.046). As a result of these 
5 processes and improvements to them, optical fi- 
bers are now routinely fabricated in commercial 
processes with losses less than two db/km in cer- 
tain parts of the optical region of the spectrum. 
One example of a significant improvement over 
10 the processes based on vapor phase formation of 
fibers is the reduction in the hydroxyl ion (OH) 
content to low levels sufficient not to present a 
problem in undue absorption in the wavelength 
regions of interest. It was known that a successful 
15 fiber of low attenuation required that the hydroxyl 
ion content had to be below a few parts per million 
because undesirable OH absorption at overtones of 
the fundamental stretching vibration of OH cen- 
tered around 2.8 microns (urn). These overtones 
20 give rise to absorptions at 1.4 microns (um). and 
970 and 750 nm, and thus Interfere with the trans- 
mission band -of interest in glass. Thus, the OH ion 
which is ever present had to be precluded from the 
final fiber if low transmission losses were to be 
25 achieved. The elimination of the OH ion has been a 
particularly vexing problem for the industry be- 
cause of its presence in undesirable quantities in 
most of the vapor phase processes. To solve this 
problem, chlorine has been used as a drying agent 
30 to remove the OH ion from preforms made from 
flame hydrolysis as shown and described in U.S. 
-A- 3.933,454. Fluorine has also been proposed as 
a drying agent as shown and described in U.S -A- 
4,065,280 and as a dopant in a fiber for purposes 
35 of reducing hydroxyl ion content as shown and 
described, for example, in U.S. -A-4,441 .788. In 
addition, fluorine has been used to reduce cladding 
index (U.S. -A- 4.082.420). 

In particular. US-A-4 441 788 describes two 
40 fiber structures both of which have glass cores. 
One, however, is provided with a plastic cladding, 
and the other is provided with a cladding of glass. 
The preferred fluorine concentrations in the cores 
of either- structure is at least 0.5 % by weight. 
45 US-A-4 165 915 discloses a semiproduct or 

ingot for use in making light conducting fibers 
having a core comprising a synthetic quartz glass 
containing an index increasing material and a clad- 
ding also of synthetic quartz but containing more 
50 than 4000 ppm of fluorine. There is no disclosure 
that the core of the fiber is free of any index raising 
substance, or that there is a difference in refractive 
indices between the core and the cladding by 
different concentrations of fluorine therein. 
55 To improve the transmission bandwidth, those 

skilled in the art chose to use single mode i'lbers 
rather than muhimode fibers because the use of 
single mode fibers eliminated or virtually eliminated 
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dispersion manifested as pulse spreading due to 
differences In optica! path length between the var- 
ious modes propagating in a multimode fiber and 
to material dispersion as well. 

Initial fabrication of single mode fibers were of 5 
the step index type in which the core was of 
uniform index of refraction and the cladding was 
primarily of a uniform lower index of refraction. 
Early fibers comprised silica cores with doped 
claddings of, for example, borosilicate and later 10 
fluorosilicate. Later fibers included undoped cores 
of. for example, germania silicate and silica clad- 
dings. However, these designs presented manufac- 
turing problems because of the high temperatures 
necessary to process deposited pure silica. 75 

The later fibers included germania silicate 
cores and phosphosilicate claddings. Phosphorus 
in the cladding simplifies the manufacturing pro- 
cess because it lowers the melting temperature of 
silica. Furthermore, the removal of boron from the 20 
fiber, whose presence likewise simplifies manufac- 
turing due to lowered melting temperatures, avoids 
the relatively low wavelength Infrared absorption 
edge associated with borosilicate glasses. 

In spite of the many innovations made in this 25 
art, improved fiber material structures and manu- 
facturing processes are still needed to assure low 
loss and low dispersion which, in turn, translate Into 
long distances between repeaters and high tele- 
communications capacity. Accordingly, it is a pri- 30 
mary object of the present invention to provide a 
single mode optical fiber of low attenuation and 
dispersion and favorable characteristics for fabrica- 
tion. 

Other objects of the invention will, in part, be 35 
obvious and will, in part, appear hereinafter. The 
invention accordingly comprises the optical fiber 
possessing a construction, material composition, 
and arrangement exemplified in the detailed disclo- 
sure which follows. 40 

SUMMARY OF THE INVENTION 

This invention in general relates to dielectric 
waveguides and in particular to the construction of 45 
an optical fiber suitable for use in comunications 
systems operating in the optical region of the spec- 
trum. 

The optical fiber of the invention is a single 
mode fiber of stepped index intended to operate at so 
a nominal wavelength of 1 .34 micrometers, more or 
less. Both its core and cladding are fabricated of 
pure fused silica containing a base amount of flu- 
orine for the purpose of substantially eliminating 
hydroxy! ions and lowering viscosity. The cladding 55 
additionally includes an amount of fluorine in ex- 
cess of the base amount to reduce its index of 
refraction relative to that of the core and further 



lower its viscosity. 

The fiber is drawn from a preform fabricated 
from a rod and tube technique. 

BRIEF DESCRIPTION OF THE DRAWING 

The novel features that are considered char- 
acteristic of the Invention are set forth with particu- 
larity In the appended claims. The invention itself, 
however, both as to its organization and method of 
operation, together with other objects and advan- 
tages thereof, will be best understood from the 
following description of the illustrated embodiments 
when read in connection with the accompanying 
drawing which is an enlarged cross-sectional view 
of the optical fiber of the Invention. 

DETAILED DESCRIPTION 

The optical fiber of the present invention is 
single mode having a cross-section as shown in 
the figure where the fiber is designated at 10. As 
seen there, the fiber 10 comprises a core 12 of 
uniform index of refraction surrounded by cladding 
layer 14 whose index of refraction Is also uniform 
and lower than that of the core 12. The nominal 
wavelength at which the fiber 10 is to be operated 
is 1.34 micrometers more or less and at this 
wavelength the index of refraction of the core is 
preferably between 1.4454 and 1.4446 while the 
cladding index is lower by between 0.0035 and 
0.0069 index units so that the numerical aperture 
(NA) of the fiber 10 is between 0.1 and 0.2. 

The nominal core diameter is approximately 
8.0 micrometers and the cladding outside diameter 
is 120 micrometers. 

Fiber 10 is drawn in a conventional manner but 
from a preform that is fabricated in a manner to be 
described such that its core and cladding, 12 and 
14, are substantially free of hydroxy! ions, its vis- 
cosity is low so that it can be drawn at low tem- 
peratures, and its material dispersion is small. 

The composition of the core 12 is pure fused 
silica (SiOa) lightly doped with fluorine to reduce its 
hydroxy! ion content, lower its viscosity, and mini- 
mize its material dispersion. For these pruposes, 
the percentage of fluorine added to the pure fused 
silica in the core 12 is preferably within the range 
of 0.2 to 0.4 mole percent. 

For the range of index preferred for the clad- 
ding 14, its material composition is also of pure 
fused silica with 0.2 to 0.4 mole percent of fluorine 
added for the same reasons for doping the core 12 
with fluorine and an additional 0.8 to 1.61 mole 
percent to reduce the cladding index of refraction 
to be within the preferred range. 

The procedure to be used to fabricate the 
preform from which the fiber 10 is to be drawn 
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requires first forming a consolidated rod of the 
material composition of the core and then inserting 
this rod into a consolidated tube of the material 
composition of the cladding and then collapsing the 
tube and cladding In an appropriate atmosphere 5 
which tends to maintain the fluorine levels in core 
and cladding. 

The rod is prepared by first depositing SiQa 
soot on a mandrel of suitable composition via an 
outside vapor deposition method (OVD) by burning w 
silicon tetrachloride (SiCU) in an oxygen-hydrogen 
flame that is produced in front of a burner nozzle 
which is directed at the mandrel as it is rotated in a 
controlled way. After deposition of the required 
thickness of silica soot, the mandrel is removed 75 
and the porous soot is placed into a dehydration 
and consolidation furnace where the soot is heated 
to approximately 1.000- C In a partial chlorine at- 
mosphere to remove residual water. After this dry- 
ing step, fluorine is diffused into the soot by in- 20 
troducing a suitable fluorine compound into the 
furnace and heating to about 1.200 to virtually 
eliminate the hydroxy! ion content. The partially 
fluorinated (0.1 - 0.2 mole percent) soot cylinder is 
then subjected to further heat treatment in a flu- 25 
orine and helium containing atmosphere to co- 
alesce the soot cylinder into a solid fully com- 
pacted cylinder without any voids. The resultant 
tube is then drawn down into a solid rod in an 
atmosphere of fluorine and helium to produce a rod 30 
stock for the core while not allowing any of the 
fluorine to boil away. This drawn rod is then cut up 
into smaller sections, each to be used as core rod. 
The fluorine doped tube is made by a process 
which is similar to that for fabricating the core rod. 35 
Here, one starts with a tube of high quality silicon 
dioxide or other material suitable to function as a 
mandrel and then deposits on the outside of this 
tube with a chemical vapor deposition method a 
soot of pure fused silica. After deposition of the 4o 
required thickness of soot, the mandrel is then 
removed and the remaining soot tube thermally 
treated, in a gaseous atmosphere containing chlo- 
rine and then fluorine as before. Both enter the 
porous Si02 layer and replace the OH ions located 4s 
there. This partially fluorinated soot tube Is then 
subjected to a higher heat treatment in a fluorine 
and helium containing atmosphere to coalesce the 
soot layer into a solid fully compacted layer without 
any voids. 

The core rod is inserted inside of the tube and 
both are then placed in a fluorine containing at- 
mosphere and then raised to a temperature where 
the two collapse and fuse. Having done this, one 
then has a preform from which the fiber 10 is 55 
drawn in a conventional manner or else the tube is 
collapsed onto the rod during the drawing process. 

Thus, the fiber 10 is comprised of a core which 



is lightly doped with fluorine and therefore, be- 
cause of the dehydration properties of fluorine, has 
a low OH or water content, thereby providing it with 
extremely low loss characteristics on the order of 
less than 0.1 db/km at the wavelength at which it 
will be operated. The small difference in index 
between the core and the cladding also permits the 
numerical aperture to be relatively small, thereby 
maximizing the core size, a desirable property for a 
single mode fiber. In addition, the cladding also 
containing fluorine doping is of extremely low loss 
quality and it is believed that both fluorine cladding 
have low material dispersion characteristics there- 
fore making the structure an ideal candidate for 
high bandwidth transmission. Moreover, with the 
relatively large core radius, requiring but a small 
index difference between core and cladding, the 
contribution to dispersion due to the waveguide 
geometry at the operating wavelength is minimized 
and approaches that due to material dispersion 
alone which, in this case, is already minimal com- 
pared with the base pure fused silica 

It will be obvious to those skilled in the art that 
other changes may be made in the above-de- 
scribed embodiment without departing from the 
scope of the invention as claimed. For example, it 
is entirely possible to construct the tube by using 
an inside vapor deposition process and afterwards 
heat treating In a fluorine atmosphere to dope the 
pure silica soot created in this way. If this is done, 
then no coring is required and the final fiber struc- 
ture has an additional layer beyond the cladding, 
and this layer is of the quality of the tube which 
serves as the mandrel. Consequently, it is intended 
that all matter contained in the above description or 
shown In the accompanying drawing shall be inter- 
preted as illustrative and not in a limiting sense. 

Claims 

1. A single mode, all glass, optical fiber (10) 
comprising a core (12) and a cladding (14). 
characterized by the fact that the core (12) 
consists of pure fused silica and fluorine un- 
iformely distributed in a first concentration 
throughout the core (12) and that the cladding 
(14) consists of pure fused silica and ftuorine 
uniformely distributed throughout the cladding 
(14) In a second concentration higher than the 
first concentration. 



2. 



The optical fiber of claim 1, wherein the con- 
centration of fluorine in said core (12) is within 
the range of 0.2 to 0.4 mole percent. 

3. The optical fiber of claims 1 or 2, wherein the 
concentration of fluorine in said cladding (14) 
is within the range of i.O to 2.01 mole percent. 
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4. The optical fiber of anyone of claims 1 to 3, 
wherein the index of refraction of said core 
(12) is within the range of 1.4454 and 1.4446 
and that of said cladding (14) is lower by 
0.0035 and 0.0069. respectively, so that the 
numerical aperture (NA) of the fiber is between 
0.1 and 0.2. 

Revendlcations 

1. Fibre optique (10) multimode, entierement en 
verrre, comportant une ame (12) et une gaine 
(14). caracteris^e par le fait que I'ame. (12) se 
compose de siiice pure fondue et de fluor 
uniformement distribue a une premiere 
concentration dans fa totalite de Tame (12), et 
en ce que la gaine (14) se compose de siiice 
pure fondue et de fluor uniformement distribu6 
dans la totalite de la gaine (14) a une deuxie- 
me concentration, superieure a la premiere 
concentration. 



4. 
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Optische Faser nach Anspruch 1 oder 2. v/orin 
die Konzentration des Fluors in der Umhullung 
(14) im Bereich von 1,0 - 2,01 Mol-% liegt. 

Optische Faser nach einem der Anspruche 1- 
3. worin der Brechungsindex des Kerns (12) im 
Bereich von 1,4454 bis 1,4446 und der der 
Umhullung (14) um 0.0035 bzw. 0,0069 niedri- 
ger ist. so daiJ die numerische apertur (NA) der 
Faser zwischen 0,1 und 0,2 liegt. 



20 



2. Fibre optique de la revendication 1, dans la- 
quelle la concentration de fluor dans ladite 
ame (12) est comprise dans une plage situee 25 
entre 0.2 et 0.4 pour cent en moles. 

3. Fibre optique de la revendication 1 ou 2, dans 
laquelle la concentration de fluor dans ladite 
gaine (14) est comprise dans une plage situee 30 
entre 1.0 et 2.01 pour cent en moles. 

4. Fibre optique de Tune quelconque des reven- 
dlcations 1 a 3, dans laquelle Tindice de re- 
fraction de ladite ame (12) est compris dans 35 
une plage situee entre 1. 4454 et 1,4446 et 
celui de ladite gaine (14) est plus faible d'une 
valeur comprise entre 0,0035 et 0,0069, res- 
pectivement, ce que fait que I'ouverture nume- 
rique de la fibre est comprise entre 0,1 et 0.2. 40 

Patentanspruche 



1. Aus Glas bestehende optische Einzelmoden- 
Faser (10). enthaltend einen Kern (12) und eine 
Umhullung (14), dadurch gekennzeichnet, da/J 
der Kern (12) aus reinem Quarzglas (fused 
silica) und Fluor besteht, das gleichma/Jig in 
einer ersten Konzentration uber den Kern (12) 
verteilt ist. besteht und daB die Umhullung (14) 
aus reinem Quarzglas und Fluor besteht, das 
gteichma^ig in einer zweiten Konzentration, die 
hoher ist als die erste Konzentration, uber die 
Umhullung (14) verteilt ist. 

2. Optische Faser nach Anspruch 1, worin die 
Konzentration des Fluors im Kern (12) im Be- 
reich von 0.2 - 0,4 Mol-% liegt. 
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